Ginseng-cultivated soil is an excellent habitat for soil-borne bacteria to proliferate. A novel strain, DCY87
The genus Phycicoccus was first described by Lee (2006) with a single species, Phycicoccus jejuensis. Currently, there are nine species with validly published names: P. jejuensis (Lee, 2006) , Phycicoccus aerophilus (Weon et al., 2008) , Phycicoccus bigeumensis (Dastager et al., 2008) , Phycicoccus dokdonensis (Yoon et al., 2008) , Phycicoccus cremeus (Zhang et al., 2011) , Phycicoccus ginsenosidimutans (Wang et al., 2011) , 'Phycicoccus ochangensis' (Kim et al., 2012a) , Phycicoccus badiiscoriae (Lee, 2013) and Phycicoccus soli (Singh et al., 2015) . The aforementioned species are characterized as Gram-positive, oxidasenegative, catalase-positive, non-motile, cocci to short rodshaped bacteria with meso-diaminopimelic acid as the diamino acid of the peptidoglycan, MK-8(H 4 ) as the prevalent isoprenoid quinone and C 17 : 1 !8c, iso-C 15 : 0 , anteiso-C 15 : 0 and C 17 : 0 as the major fatty acids (Lee, 2012) . Here, we report one white-pigmented bacterial strain, designated DCY87 T , which was isolated from a ginseng cultivation field and was subjected to taxonomic study. On the basis of polyphasic evidence such as disparate proportion of polar lipids, fatty acids and cell-wall sugars, strain DCY87
T represents a novel species in the genus Phycicoccus and in the family Intrasporangiaceae, for which the name Phycicoccus ginsengisoli sp. nov. is proposed.
Bulky and rhizosphere soil samples were obtained from a ginseng field in Gochang County (35 26¢ 89 † N 126 42¢ 740 † E) , Republic of Korea. One gram of soil was dissolved in 10 ml 0.85 % (w/v) saline solution. The suspension was diluted serially up to 10 À4 dilution. Next, 100 µl of each suspension was plated onto Reasoner's 2A (R2A, MB cell) agar media. The plates were incubated at 30 C for 5 days. Based on colony morphology, colour and margin, distinct colonies were purified by transferring to new R2A agar plates. Isolated and purified colonies were sent to Genotech (Daejeon) for 16S rRNA gene sequencing. From sequencing results, we identified a novel Phycicoccus species, which was designated as DCY87 T , and characterized it by polyphasic approach. The isolate was consistently cultured on R2A agar at 30 C. Bacterial stock was stored at À80
C The 16S rRNA gene was augmented by universal bacterial primer sets 27F/1492R (Lane, 1991) and 518F/800R (Weisburg et al., 1991) (Genotech). Seq-Man software version 4.1 (DNASTAR) and Bioedit program were utilized to compile and edit the 16S rRNA gene sequence of strain DCY87 T (Hall, 1999) . The almost-complete (1466 bp) 16S rRNA gene sequences of strain DCY87
T and closely related strains were completely aligned by using the CLUSTAL_X program (Thompson et al., 1997) . Evolutionary distances were calculated according to the Tamura-Nei model (Tamura & Nei, 1993) . Finally, the phylogenetic tree was reconstructed with neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981 ) methods using MEGA 6 program package (Tamura et al., 2013) . Bootstrap analysis with 1000 replicates was performed (Felsenstein, 1985) . The 16S rRNA gene sequence of strain DCY87
T was compared with those listed in public database by EzTaxon-e server (http://www.ezbiocloud.net/taxonomy/; Kim et al., 2012b) and BLAST in NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi; (Johnson et al., 2008) .
The 16S rRNA gene sequence of strain DCY87
T was deposited in NCBI database. Phylogenetic analysis, based on 16S rRNA gene sequences, showed that strain DCY87 T belonged to the genus Phycicoccus (Fig. 1) . Strain DCY87
T shared the highest 16S rRNA gene sequence similarity with 'P. ochangensis' L1b-b9 (98.7 %), followed by P. ginsenosidimutans BXN5-13 T (97.9 %), P. soli THG-a14 T (97. T formed a reliable and monophyletic cluster with 'P. ochangensis' L1b-b9. This cluster was also recovered in the trees generated by the neighbour-joining and maximum-parsimony algorithms (Figs 1 and S1, available in the online Supplementary Material).
Colonies of DCY87
T were monitored on R2A agar media after incubation at 30 C for 2 consecutive days. Cell morphology was visually analysed by transmission electron microscopy operated at 80 kV (JEOL, JEM1010). Cells proliferated on R2A agar media at 30 C for 24 h were suspended and placed on carbon and formvar-coated nickel grids for 30 s. The grids were coated with a drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry. Colonies were observed under a microscope operated at 80 kV (Carl Zeiss LOE912AB) under standard operating conditions. Gliding motility was tested using a hanging-drop technique (Bernardet et al., 2002) . A Gram stain kit (bioM erieux) was employed to determine the type of Gram reaction. Oxidase activity was analysed using 1 % (w/v) N,N,N,N-tetramethyl-p-phenylenediamine reagent (bioM erieux) as instructed by the manufacturer. Catalase activity was determined by the production of oxygen bubble from 3 % (v/v) H 2 O 2 solution mixed with freshly grown cells. The growth ability of strain DCY87
T under anaerobic conditions was monitored by GasPakTM EZ Gas Generating Systems (Becton Dickinson) after 14 consecutive days of incubation at 30 C. Growth on different media was tested using Luria-Bertani (MB cell) agar, R2A agar, trypticase soy agar (TSA, MB cell) and MacConkey agar (Difco) at 30 C for 7 successive days. NaCl tolerance was tested using R2A broth supplemented with 0-6.0 % (w/v) NaCl (increments of 1 %) after 5 days incubation at 30 C. The temperature range of 4, 10, 15, 25, 28, 30, 37 and 40 C was tested for 7 days. Growth at pH 4.0-10.0 in pH 0.5 unit interval was assessed in R2A broth. pH value was adjusted with citric acid/sodium citrate buffer (pH 4.0-5.5), Na 2 HPO 4 /NaH 2 PO 4 buffer (pH 6.0-8.0), Tris buffer (pH 8.5-9.0) and glycine/NaOH buffer (pH 9.5-10.0). Measurement of optical density at 600 nm was performed after 5 days incubation at 30 C by UV-Vis spectrophotometer (Ultrospec 2100 Pro, Amersham Biosciences). To determine the activity of phenylalanine deamination, methyl red and Voges-Proskauer tests were conducted according to L anyí (1988). The ability to produce H 2 S was examined using the methods previously described by Levine et al. (1934) . Indole acetic acid production (Glickmann & Dessaux, 1995) , siderosphore production (Schwyn & Neilands, 1987) and phosphate solubilization (Pikovskaya, 1948) were also examined. Other phenotypic tests were performed with the commercial API ZYM, API 20E and API 50 CH kits (bioM erieux) as instructed by the manufacturer.
Colonies were round, convex and white pigmented with a diameter of about 0.7-0.8 mm after 3 days at 30 C on R2A agar. Cells were rod shaped, 0.5-0.6 µm in width, 1.0-2.1 µm in length (Fig. S1 ), non-motile, aerobic, Gram-reaction-positive, oxidase-negative and catalase-positive. These physiological characteristics of strain DCY87
T accord with the description of the genus Phycicoccus (Lee, 2006) . Strain DCY87
T grew well on Luria-Bertani, Nutrient Agar (NA), R2A and TSA agars, but did not grow on MacConkey agar. Growth occurred at 10-37 C (optimum, 30 C). Growth was observed in the presence of up to 3 % (w/v) NaCl. The pH range for growth was pH 6.0-9.0 (optimum, pH 7.0). Strain DCY87
T was found to produce siderophore and indole-3-acetic acid after 3 days culture. Phosphate solubilization was positive. The production of siderophores by micro-organisms is beneficial to plant because it can inhibit the growth of plant pathogens (Sharma & Johri, 2003) . It can help on enhancing plant growth. Physiological and biochemical characteristics of strain DCY87
T are summarized in the species description, and the comparison of selective characteristics with related type strains is shown in Table 1 . Strain DCY87
T can be distinguished from the closest type strain 'P. ochangensis' KCTC 19695 by the following character traits: short rod-shaped cells; hydrolysis of gelatin; negative in methyl red reaction; acid production from glycerol, D-sorbitol, xylitol and gentiobiose but not from amygdalin and arbutin (Table S1 ).
For DNA G+C content analysis and DNA-DNA hybridization, the genomic DNA of strain DCY87
T and reference strains were isolated by using the genomic DNA isolation kit (Gene All) according to the manufacturer's instructions. The genomic DNA analysis of G+C mol% content was degraded into nucleosides by P1 nuclease and alkaline phosphatase enzymes according to a method described by Mesbah et al. (1989) . Finally, HPLC (NS-4000, Futecs) was employed for the detection of nucleosides using a YMCTriart C18 (250Â4.6 mm, 5 µm) column. Twentyfive millimolars of (NH 4 )H 2 PO 4 /acetonitrile (20/1, v/v) was used as the mobile phase with a flow rate of 1.0 ml min
À1
. The genomic DNA of Escherichia coli (D4889, SigmaAldrich) was used as a standard. DNA hybridization was conducted fluorometrically using photobiotin-labelled DNA probes and microdilution wells as reported previously by Ezaki et al. (1989) . The optimal hybridization temperature was estimated to be 54.1 C. The experiment was performed five times for each sample to ensure accuracy of the results. The highest and lowest values gained from each sample were omitted, and the mean of the outstanding values was analysed for DNA-DNA hybridization (mean±SD).
The genomic DNA G+C content was 72.7 mol%, which ranged between 70 and 74 mol% (Zhang et al., 2011) . To validate the distinctness of strain DCY87
T , DNA-DNA hybridization between strain DCY87
T and its closely related strains that shared more than 97 % 16S rRNA similarity was conducted. The DNA-DNA relatedness values between strain DCY87
T and 'P. ochangensis' KCTC 19695, P. soli THG-a14 T , P. ginsenosidimutans BXN5-13 T and P. aerophilus 5516 T-20 T were 50.3±2.0, 17.2±2.8, 10.4±2.4 and 10.0 ±2.3, respectively. These low hybridization values suggested that DCY87
T was clearly distinguished from members of the same genus Phycicoccus (Wayne et al., 1987) .
Quinones were extracted and subsequently analysed according to the method previously described by Hiraishi et al. (1996) . Menaquinone was detected by HPLC analysis [model, NS-6000A, Futecs; reversed-phase column YMCTriart C18 (250Â4.6 mmÂ0.5 µm), a flow-rate of 1.0 ml min À1 and a wavelength 270 nm; solvent methanol/2-propanol (7/5, v/v)]. Polar lipids of strain DCY87
T and 'P. ochangensis' KCTC 19695 were extracted and consequently analysed by two-dimensional TLC silica gel 60 pre-prepared plates of Merck Art. No. 5553 (10Â10 cm) as formerly described by Minnikin et al. (1984) . The total polar lipids, aminolipids, phospholipids and glycolipids were detected 
by staining with 5 % molybdophosphoric acid in ethanol, 0.2 % of ninhydrin in saturated butanol, molybdenum blue reagent (1.3 % molybdenum oxide in 4.2 M sulfuric acid, Sigma-Aldrich), 0.5 % of 1-naphthol in methanol/water (1/ 1, v/v) and sulfuric acid/ethanol (1/1, v/v), respectively. Fatty acids were extracted, saponified, methylated and purified from cells cultured in R2A at 30 C for 48 h according to the standard protocol of MIDI (Sherlock Microbial Identification System) as previously reported by Sasser (1990) . The fatty acid methyl esters were analysed by GC (Agilent GC 6890) with Sherlock MIDI software (version 6.1) and TSBA database (version 6.1). FAME standards (Part # 1300 C) were purchased from MIDI. The amino acid compositions in the peptidoglycan and whole-cell sugars were extracted according to methods described by Staneck & Roberts (1974) and Komagata & Suzuki (1987) , respectively. However, solvent systems for running TLC cellulose Merck KGaA (20Â20 cm) were slightly modified according to Schumann (2011) , including solvent 1, butanol/pyridine/ water (5/3/2, by vol.), for whole-cell sugars and methanol/ pyridine/HCl (12 M)/water (32/4/1/7, by vol.) for peptidoglycan analyses.
The menaquinone was identified to be MK-8(H 4 ). It was similar with the closest strain 'P. ochangensis' L1b-b9. This result is in accordance to the description of the genus Phycicoccus (Lee, 2006) . The polar lipid profiles of strain DCY87
T and 'P. ochangensis' KCTC 19695 were listed in Fig. S2 . The polar lipid profile of strain DCY87
T consisted majorly of phosphatidylinositol and diphosphatidylglycerol (DPG); moderate amount of aminophosphoglycolipid (APGL1); minor to trace amounts of phosphatidylglycerol, aminophosphoglycolipids (APGL2), three phospholipids (PL1-PL3), an aminophospholipid, an aminolipid and four unidentified polar lipids (L1-L4). The polar lipids of 'P. ochangensis' KCTC 19695 included major amounts of phosphatidylinositol; minor to trace amounts of DPG, phosphatidylglycerol, aminophosphoglycolipid (APGL1 and APGL2), three phospholipids (PL2-PL4), aminoglycolipid and four unidentified polar lipids (L1-L4). Strain DCY87 differed from 'P. ochangensis' KCTC 19695 due to the portion of DPG, the presence of aminolipid, aminophospholipid, L2 and L4, as well as the absence of aminoglycolipid, PL4 and L5 in the polar lipid profile of strain DCY87 T (Fig. S3) . The fatty acid profiles of strain DCY87
T and the related type strains are listed in Table 2 . Strain DCY87
T was discovered to contain major amounts of iso-C 15 : 0 (23.0 %), anteiso-C 15 : 0 (14.7 %), C 17 : 0 (10.2 %) and C 17 : 1 !8c (10.0 %), moderate amounts of iso-C 14 : 0 (5.9 %), 10-methyl-C 17 : 0 (4.7 %) and anteiso-C 17 : 0 (4.4 %). This fatty acid profile is in agreement to that of representative of the genus Phycicoccus (Lee, 2006; Zhang et al., 2011) . Compared to the closest type strain 'P. ochangensis' KCTC 19695, strain DCY87 T contained a higher amount of C 17 : 0 and C 17 : 1 !8c, but a lower amount of iso-C 14 : 0 , iso-C 15 : 0 and anteiso-C 15 : 0 . The cellwall peptidoglycan contained meso-diaminopimelic acid as diamino acid which is consistent to those reported in other members of the genus Phycicoccus. The whole-cell sugar of strain DCY87 T is composed of glucose, xylose and rhamnose with glucose and ribose identified as the major sugars. The major sugars of 'P. ochangensis ' KCTC 19695 and P. ginsenosidimutans KCTC 19419 T were glucose and ribose. These results are consistent with the study reported by Kim et al. (2012a) . Therefore, the presence of glucose, xylose and rhamnose as the predominant sugars supported the distinctness of strain DCY87
T from the two closely related type strains. Taken collectively, chemotaxonomic data evidently demonstrated that strain DCY87
T possessed the typical characteristics of the genus Phycicoccus. However, disparate proportion of polar lipids, fatty acids and cell-wall sugars revealed that DCY87 T was clearly distinguishable from reference type strains compared in this study.
In summary, data collected during this study demonstrate that strain DCY87
T belongs to a new species within the genus Phycicoccus. We propose the name Phycicoccus ginsengisoli sp. nov. to the newly isolated and characterized strain from ginseng-cultivated soil.
Description of Phycicoccus ginsengisoli sp. nov.
Phycicoccus ginsengisoli (gin.sen.gi.so¢li. N.L. n. ginsengum ginseng; L. n. solum soil; N.L. gen. n. ginsengisoli of soil of a ginseng, the source of the organism).
Cells are Gram-reaction-positive, catalase-positive and oxidase-negative and aerobic rods approximately 0.5-0.6 µm in width and 1.0-2.1 µm in length. Colonies on R2A agar are round, convex and white pigmented and 0.7-0.8 mm in diameter after 2 days of incubation at 30 C. Growth occurs at 10-37˚C (optimum, 30 C), at pH 6.0-9.0 (optimum, pH 7.0) and in the presence of 0-3 % (w/v) NaCl (optimum, 2 %). Growth occurs on NA, R2A, Luria-Bertani and TSA medium, but not on MacConkey agar. Siderophore and indole acetic acid are produced. Phosphate is able to be solubilized. Hydrolysis of L-tyrosine, DNA, casein, Tween 40, Tween 80, gelatin, aesculin and starch is positive. Tween 20, methyl red and Voges-Proskauer tests, production of H 2 S, citrate utilization and activity of phenylalanine deaminase, lysine decarboxylase, ornithine decarboxylase and urease are potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. Activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase are detected, but activities of lipase, a-chymotrypsin, b-glucuronidase and a-fucosidase are not ascertained. The major polar lipids are phosphatidylinositol and DPG. The major cellular fatty acids consist of iso-C 15 : 0 , anteiso-C 15: 0, C 17 : 0 and C 17 : 1 !8c. The menaquinone is MK-8(H 4 ). The cell-wall peptidoglycan contains meso-diaminopimelic acid as diamino acid. The whole-cell sugar is composed of glucose, xylose and rhamnose. The genomic DNA G+C content is 72.7 mol%.
The type strain, DCY87 T (=KCTC 39635 T =JCM 31016 T ), was isolated from a soil sample cultivated with ginseng in the Republic of Korea.
